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Aastract Damage and contamination on the silicon surfaces exposed during the SiO, etching by weakly magnetized in-
ductively coupled C.Fs plasmas were investigated. XPS (X-ray photoelectron spectroscopy), SIMS (secondary ion mass
spectrometry), spectroscopic ellipsometry, and TEM (transmission electron microscopy) were used to characterize contami-
nation, and HRTEM (high resolution transmission electron microscopy) and [-V characteristics of Schottky diodes fabri-
cated on the etched and/or annealed silicon surface were used to evaluate radiation damage. As the magnetic field ap-
plied to the inductively coupled plasmas increased from 0 to 18 Gauss, the thickness of the residual layer formed on the
silicon surface increased with the increase of SiO; etch rate and selectivity. XPS analysis showed that the composition of
the residual layer changed from fluorine rich to carbon rich by changing the carbon bonding state from C-CFx to C-C.
Dense defects distributed about 40A deep from the etched silicon surface were found for the 0 Gauss condition and
thicker but less dense defects were observed for the higher magnetic conditions. The electrical damage estimated from the
1-V charateristics of Schottky diodes was reduced with increasing applied magnetic field strength.

WA 2e 5 Alcke Hold H=A A2 AZTH

42 ol whe G Ao el ot ool BT Be A7

Az)E A 3E AZA] sub-micron? contact F4& 7P "HAE T ok =7 AZES FAHA]T]] A ol
A FepRvlo] g ANE do)H T AAEE  2F T UWEE £3]7] A okskA A7 )
Rgatz ko] A1, o) A7} golshd, B AZEE  AAAM, WA AL ES A Sx =g chamber

9} AEu]E Zhx ojdbA o] 2 A dFA o] Aol ? ]  HBoR o]F ALY oS AT wie] dFH
2 single wafer processingoll9] A4S 48 a7=H= ¥ 2 ' 2 C/F &9 244 2 712 A7)
& Alzbe3t Adu) 227 ot el & AT AL ¢t AR AMESIE A AEE AAdA"YES S A

ECR (electron cyclrotron resonator),* ® Helicon,' ® ICP o] glor}t Zgl=zule] &% Az]E dolze EHd)
(inductively coupled plasma)* V83 22 T ZE2t T AHFYTE gAAIE BAHE Ado)h w3 AEE
Zolds} ool £ C/FHlEE ZE CFs, CF: 59 § AAslr] flsleds AtgE el GAAYE 7] Hsled
TtAE o] &7 A7l AYET gk 53] nER 4 eVolide o] ouAr) dastA Hug " AstE
Zeixold F HEY =AY FEIR0dL dE 1 Alzka] o] 22E R Jd] x5 HelEo Eyd &4
de Zazolde) vjsle A AW ElzelE F FA Hoh HE o} ECR, Helicongst #& 14= &

— 825 —



826 A B3R A8 A9E (1998)

gzoldlol] ofs Py e Y &4 F 29
[ dF= dF 2R v glo e sk g
P2y FepRolde® QF &4 2.ge i
A7E oFA Ead vl gl

azhA], B AgeAdEe #3d HBYF=A¢Y Z
Zuldg o)43l9] contact oxideE AZA] AARe] A7)
o o A)E THol LAFE o ¥ Skl i
TE e, &4 o939 e Hete] FelRule
&3 Ay AZA, E44 BA o] 44" 3
e sterEAe FMETh =3 &89 o] AA
£ #i8le] oAzirhA] wbylel dAeiel AAYS A3
et

2. A4 Yy

2 AFeMe 27 10 Hal uhe} o] HAYHF A
T3 Eelzot w2 o] 9o} ofgfol] AL Helmholtz
Ao wdg AAE Ak weEe] 27) AFE
= 1x107% TorrE #A359e™, 20 sccm 712Gk
1.5 mTorr®] C.Fs 7h2s 91718 el A A 2hg A 8gstgict.
13.56M Bz, 1.1kW2} rf power® 73l F=Ags &
2zulg PAAAZ 3 DA] 13.56MHz rf powerE 7|3tol)
7¥sted A Ate] YA EEE Sto2H -80 Vo] AR
#A47] upolojzzAsgte] Aol HAHEE Fgch e
ol A7&Fe) A7) 0 oA 18 Gauss7hA] #skA| Fc)

ZiHoe B 10~202-cme wIAFE zHe= (100)4hek
9 n-type AElZ HolnE AHgsted, 1.0me] PSG
(phosphosilicate glass) & Z#4]12) AE Ho)HAE 4k
3HE A= o] Ao AMEstgT). Contact AHHE 4]
ZbA] Ae|Z2 2 LAsEE <A U ol HEE dFE
7] 8t 1.0m FA 9] 43RS 100% #A2Ee 22
o2 AgZHoln g EufRule] k&AZc) Ealzald
k% A7) A2]EL Piranha$% (HS0, : HO; = 411,
90°C) ol 1085t JF2 A, 1 kW, 40-50T, 200mTorr
o] 7oA ArgE A ZEet=0) ashingAvlel Drytek
A8 Megastripper& o]83te] ARt =& 400C
2 (furnace) dXegE F&o AFLe] 88 s
AR zapsbgdct. A4 AT X9 &8 A A
Asked 400-800°ColAH 30F Bt HAEH~) sl 2
dAz s, 2L £ Feld FE549H4= (RTAE
olg3le] 1§52 900Ce) &2 A& stdch

ofz] AAEZ A AR AHETEH golsles
AFahe] BAe XPS(X-ray Photoelectron Spectros-

Table 1. Etch Characteristics in MICP Etch Processes.
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Fig 1. Schematic diagram of Magnetized Inductively Coupled
Plasma Etcher.
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Magnetic field strength(Gauss) ) 0 6 9 12 18
Si0; etch rate (A /min) 2061 5032 5612 8307 7784
Sietchrate (A /min) 441 460 420 250 264
Selectivity (Si0./S1) 4.67 10.92 13.36 33.23 29.49
Exposure time (inin.sec) 4.50 1.59 1.46 1.12 1.20
Bias power (W) 50 130 175 220 380
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Fig 2. XPS wide scan data for the 0 gauss, 9 Gauss, and 18
Gauss.
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Fig. 3. SIMS depth profile data of carbon and fluorine impuri-
ties on the etched silicon for the 0Gauss and 9Gauss conditions
(9-C: 9Gauss, carbon; 9-F: 9Gauss, fluoring; 0-C: 0Gauss,
carbon; 0-F: 0Gauss, fluorine). As a reference, SIMS data for
the non-etched silioon sample was included(R-C: reference,
carbon; R-F: reference, fluorine).
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Fig. 4. Cross-sectional TEM micrograph of the silicon surface
overetched 100% with the 0Gauss condition and it shows 65
+10A thick residue. 250A of Ti was evaporated on the
etched silicon to observe the thickness of the residue layer
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Fig. 5. Relative intensity of each bonds of carbon in the residue

as a function of magnetic field. The data was obtained by the
deconvolution of narrow scan XPS data of carbon-1s peak.
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Fig. 6. High resolution TEM micrographs of silicon surface
etched with a) the 0 Gauss condition and b) the 9 Gauss condi-
tion.
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Fig. 7. Reverse saturation currents of 1mm diameter Au- Scho-
ttky diodes made with variously etched and annealed silicon
samples. The reverse saturation current of the control sample
is also included.
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